We report investigations of functionalized DNA:PEDT-PSS films. The thermal activation energy of the conductivity near the room temperature was about 0.033 eV. The weak carrier trapping was identified by the thermally stimulated current method, proving the fast recombination of light-generated carriers. A "bistable" photoconductivity below the room temperature was evidenced upon the white light excitation. By cooling the samples down to 145-155 K the photoconduction was small. Below this temperature sudden increase of the photoconductivity was observed. Meanwhile by heating the photosensitivity remained enhanced up to 235-245 K. The slow relaxations of the current after the light excitation took place, the time constant of which reached several hundreds of seconds. Such phenomenon could presumably be attributed to the light-induced changes of the sample material morphology and/or associated variation of carrier transport conditions.
Introduction
Nucleic acids and their derivatives attract a lot of attention due to their important biological role [1, 2] . At the same time deoxyribonucleic acid (DNA), in which charge migration is possible, is a subject of interest for applications in photonics and molecular electronics. However, pure DNA is electrically passive material. In order to render it active one has to functionalize it with poly(3,4-ethylenedioxythiophene) (PEDOT, PEDT) and poly(styrenesulfonate) (PSS) complex. PEDT-PSS is a promising polymer for electronic applications because it is solution processable. When dried, PEDT-PSS coatings have low resistivity, excellent water resistance, and high transmittance of visible light. This enables engineering of the electrical properties of the material. Nevertheless, to assure the control of these properties, extensive investigations are required. In this paper we report investigations of photoelectrical properties of DNA:PEDT-PSS thin films depending on the temperature and light excitation. Fig. 1) The temperature dependences of the film conductivity were measured from 77 K up to 300 K depending on the excitation by the white light from the 100 W halogen lamp. 
Samples and experiment
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Results and discussion
Sample conductivity at the room temperature was (1-5) × 10 −10 Ω −1 cm −1 . I−V curves were linear and symmetrical down to 78 K [3] . This ohmic behaviour indicates that the current is limited by the sample material and not by the contacts. Absorption spectra of the samples are presented in [3] . In Fig. 2 
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V. Kažukauskas et al. pendences of the currents are shown. Close to the room temperature their thermal activation energy was about 0.033-0.036 eV; these values did not depend on the applied bias. Usually thermal activation energy values of DNA from 0.18 up to 1.4 eV are reported, depending on material and experimental conditions [4] . This implies that in our samples influence of PEDOT having high conductivity is pronounced. Below about 130-140 K a characteristic kink appears, and the thermal activation energy drops below 0.014 eV, approaching in some samples zero values. The similar trend was observed in DNA-gold composite [5] because of the change of the charge transport mechanism from the small polaron hopping at higher temperatures [6, 7] to the Mott variable-range hopping [7, 8] at low temperatures. To analyse the possible effect of carrier trapping, the thermally stimulated currents (TSC) were investigated as described in [9, 10] . Characteristically, TSCs, even after the full saturation of the current of the illuminated samples, remained low as compared with both dark and photocurrent (Fig. 2) . This implies that relatively small number of carriers remain trapped after the light is switched off, i.e., most of them recombine after the excitation is finished. Moreover, nearly the same activation energy values of about 0.036-0.043 eV were evaluated down to the lowest temperatures. This indicates that carrier trapping conditions remain unchanged in the whole temperature region, meanwhile properties of the conductivity change notably. On the other hand, such low activation energy values could be indication that current increase with temperature is related to transport phenomena, i.e., growth of carrier mobility, rather than change of the carrier density. Similar behaviour is reported in disordered organic solar cell structures [11] . This assumption is realistic by having in mind hopping transport character in disordered organic materials. Therefore evaluated activation energies could probably reflect the energetic spread in the charge transport states.
The samples had demonstrated photosensitivity starting from the room temperature down to 78 K (Fig. 2) . At the room temperature the current used to grow by ≈ 2-3%, and at LN temperature its growth by a factor of up to two was observed. Sample contacts remained ohmic in all cases, indicating that carriers were photogenerated in the sample material. Dependence of the photocurrent on the temperature was quite complex. A characteristic kink, which was observed in the dark current measurements, becomes more expressed upon light excitation. By lowering the temperature the photocurrent starts growing at 145-155 K and reaches saturation level that is by a factor of about 2-2.5 higher than that of the minimum. Afterwards, by increasing the temperature, the photocurrent does not change up to 235-245 K, forming a "bistable" loop. This behaviour does not depend on the bias, indicating that the effect is light-induced. This is supported by the fact that sample reaction on the voltage and light pulses was different: upon application of a voltage step very fast increase of the current was observed, meanwhile the photocurrent growth was slow [3] . This evidences effect of different mechanisms. Upon application of the voltage pulse fast carrier injection from contacts takes place that is limited by ohmic conduction of the sample volume. Meanwhile slower light-induced generation of carriers occurs from their transport and/or trapping states.
The behaviour of the current by scanning the temperature upon pulsed illumination of the samples is presented in Fig. 3 . The temperature was stabilized at 210 K, 175 K, i.e., within the bistable loop, and at 80 K. At these points the sample was excited by the light pulses. In Fig. 4 behaviour of the relative photoconductivity
is presented. Upon cooling down to the kink point, the photosensitivity remains low. At the temperatures below this point the photocurrent increases significantly, moreover, its maximum reaches the same value upon heating the sample (Fig. 3) . Meanwhile the relative photoconductivity reaches ≈ 0.7 at 80 K (Fig. 4) . The photocurrent upon illumination increases much faster than it drops after the light is turned off, though both processes could be approximated by the single exponents. This indicates the complex effect that cannot be attributed to the simple model, e.g., carrier generation from single trapping centres. The long relaxation "tails" indicate appearance of the persistent photoconductivity phenomenon [12] . This phenomenon is associated with the inability of the light-generated carriers to recombine, as they become trapped in the spatially separated potential wells and hills of the band gap edges in the disordered structure. Upon heating the sample relaxation times used to shorten as indicated in Fig. 4 . Characteristically, amplitudes of the relative photoconductivity had followed qualitatively similar behaviour.
Therefore the bistability of photoconductivity could probably be attributed to the light-induced morphology changes of the samples, resulting in an increase of photosensitivity at low temperatures. To explain this effect Fig. 3 . Change of the current upon variation of the temperature and pulsed illumination of the sample. The temperature was stabilized at 210 K, 175 K, and at 80 K, as indicated by the dashed-dotted rectangles. At these points the sample was excited by the white light pulses. several mechanisms can be accounted for. First of all, it is known that an anisotropic conductivity is characteristic for PEDT-PSS thin films [13] . So, one can suppose that light excitation could energize molecular movements of PEDT-PSS, changing in this way the predominant orientation of PSS lamellas. The light induced variation of PEDOT conjugation lengths was reported in [14] . Another possible mechanism could be variation of the transition temperature at which change of the transport mechanism occurs. This could be assisted by the light-induced variation of the density of hopping states, because of their filling by generated carriers.
